Background and Aim Proton pump inhibitors and vonoprazan (a potassium-competitive acid blocker) are recommended as first-line treatments for gastroesophageal reflux disease (GERD). However, few reports have investigated the onset of action of these agents for GERD symptom relief. The present study compared the symptom relief of esomeprazole with that of vonoprazan via monitoring self-reported GERD symptoms after treatment initiation. Methods This was a prospective, multicenter, randomized, open-label, parallel group, comparative clinical study between esomeprazole (20 mg/day) and vonoprazan (20 mg/day) administered for 4 weeks to patients with GERD symptoms. Patients who had scores ≥ 8 on the Gastroesophageal Reflux Disease Questionnaire (GerdQ) were defined as having GERD and enrolled in this study. Sixty patients were randomly assigned to either the esomeprazole group (n = 30) or the vonoprazan group (n = 30). Treatment response rates in each drug group were evaluated according to the GerdQ. The Frequency Scale for the Symptoms of GERD (FSSG) scores from the 1st day after treatment initiation and the Global Overall Symptom (GOS) scale scores during treatment were also evaluated. Results At 4 weeks, the treatment response rates for symptom relief according to the GerdQ were 88.0% in the esomeprazole group and 81.8% in the vonoprazan group. The GOS scales, which reflect the impact of GERD symptoms, were similar for both groups. The FSSG scores decreased from the 1st to the 14th day in both groups. Conclusions There were no substantial differences in the symptom relief between the two groups at any time point in this short-term study.
Introduction
The incidence of gastroesophageal reflux disease (GERD) has increased in recent years. In the Japanese society, this increase is due to a decrease in the Helicobacter pylori (H. pylori) infection rate caused by increasing the eradication therapy for atrophic gastritis, the westernization of food habits, obesity, and an aging population with gibbus [1] .
GERD is diagnosed via endoscopy and/or clinical symptoms, such as heartburn and acid regurgitation. GERD is classified into two categories: nonerosive reflux disease (NERD) and erosive esophagitis. NERD is characterized by the presence of the typical symptoms of GERD without visible erosive esophagitis on endoscopy. Erosive esophagitis is characterized by injury to the esophageal mucosa on endoscopy [2, 3] .
The major symptoms of GERD, including heartburn and acid regurgitation, decrease the patient's quality of life (QOL) [4, 5] . Therefore, improvement in the QOL of these patients by providing rapid relief of symptoms is the primary objective of treatment.
Proton pump inhibitors (PPIs) are the most effective agents for reducing acid secretion, and these agents are recommended as the first-line treatment for GERD [6] .
Esomeprazole is known to be as effective as other PPIs for acid suppression [7] , and its metabolism is less susceptible to cytochrome P450 2C19 (CYP2C19) polymorphisms [8, 9] .
Vonoprazan is a novel potassium-competitive acid blocker (P-CAB) that is known as a new class of gastric acid-suppressing agents. P-CABs block H + , K + ATPase in a competitive and reversible manner, which results in stronger and more sustained acid suppression than with PPIs [10] [11] [12] [13] . The healing rate of reflux esophagitis was not inferior to a PPI (lansoprazole) in a clinical trial, and a possible superior effect was observed in more severe cases [14, 15] . P-CABs exhibit a more rapid onset of action than PPIs and achieve a maximum acid inhibitory effect on the 1st day after treatment, while PPIs require 3-5 days.
However, few studies have examined whether the rapid onset of vonoprazan contributes to the clinical effects on the typical GERD symptoms of heartburn and acid regurgitation.
The aim of this study was to compare the efficacy of 20 mg of esomeprazole and 20 mg of vonoprazan as first-line treatments for the relief of typical GERD symptoms.
Methods

Patients
Patients with total scores ≥ 8 on the Japanese version of the Gastroesophageal Reflux Disease Questionnaire (GerdQ) [16, 17] and scores ≥ 2 for heartburn and/or regurgitation, indicating that they experienced heartburn and/or regurgitation for two or more days per week, were eligible for this study. The exclusion criteria were as follows: less than 20 years of age; past history of total/subtotal gastrectomy, esophageal stenosis, esophageal achalasia, gastrointestinal disease (gastric or duodenal ulcer), acute gastritis, Zollinger-Ellison syndrome, inflammatory bowel disease, or other serious disease (hepatic, renal, respiratory, or cardiac disease); history of malignancy; pregnancy; currently using histamine-2 receptor antagonists, antacids, gastrointestinal motility stimulants or steroids; and a history of drug allergy to PPIs.
The following medications were not permitted during the study period: nonsteroidal anti-inflammatory drugs (NSAIDs), low-dose aspirin, and antidepressants. PPIs and vonoprazan were discontinued at least 8 weeks prior to study entry.
Study Design and Methods
This was a prospective, multicenter, randomized, open-label, parallel group, comparative clinical study. Four centers in Japan participated, including the Hattori Clinic, Hirano Gastroenterology Clinic, Ozaki Clinic and Tsuruta Hospital.
The study was conducted in accordance with the Declaration of Helsinki between May 2016 and November 2017 after obtaining approval from the Institutional Review Board of the Hattori Clinic (UMIN000021753). All patients provided written informed consent prior to study enrollment.
Patients were randomly allocated to receive 20 mg of esomeprazole or 20 mg of vonoprazan. We made random allocation lists of the study drugs in a 1:1 ratio and delivered one to each institution. The responsible investigator at each institution managed the list and allocated each study drug according to the list to patients who fulfilled the inclusion and exclusion criteria.
Both drugs were administered orally once daily after dinner for 4 weeks.
GERD symptoms were assessed using the GerdQ, the Frequency Scale for the Symptoms of GERD (FSSG) [18] , and the Global Overall Symptom (GOS) scale [19] .
The GerdQ is a useful tool for primary care physicians for the diagnosis and management of GERD. It is a selfadministered questionnaire consisting of six questions (1: heartburn, 2: regurgitation, 3: epigastric pain, 4: nausea, 5: sleep disturbance due to heartburn or regurgitation, and 6: use of over-the-counter (OTC) medication to manage heartburn or regurgitation) that is used for symptom-based diagnosis [16, 17] . Questions 1, 2, 5, and 6 are positive predictors of GERD, and questions 3 and 4 are negative predictors. Scores ranging from 0 to 3 indicate symptom frequency per week of positive predictors (0 = no symptoms, 1 = 1 day, 1 3 2 = 2-3 days, and 3 = 4-7 days). The scores are used in reverse for negative predictors.
The FSSG questionnaire comprises twelve questions in two domains, the reflux symptom domain and dysmotility symptom domain. The FSSG uses a 5-point scale (never = 0, occasionally = 1, sometimes = 2, often = 3, and always = 4).
The GOS scale has been validated for the assessment of upper gastrointestinal symptoms, and it is used to assess GERD symptoms, i.e., heartburn and acid regurgitation. It is also a self-reported questionnaire that assesses the impact of symptoms on a patient's daily life by measuring the severity of eight symptoms (epigastric pain, heartburn, acid regurgitation, epigastric discomfort, nausea, burping, early satiety, and postprandial fullness) on a 7-point Likert scale ranging from 1 (no problem) to 7 (very severe problem).
Each questionnaire was completed by patients at the start of the study, after 1 day, 3 days, 1 week, and 2 weeks, and in the clinic at the 4-week visit. Adverse events (AEs) were defined as undesirable medical symptoms or conditions that occurred after the beginning of treatment, which were collected via investigators' interviews of patients during their 4-week visit or when they visited for their AE.
We performed upper gastrointestinal endoscopy at the start of the study. The diagnosis of erosive esophagitis was made according to the modified Los Angeles (LA) classification (LA grades N, M, A-D) [20, 21] . The Kimura-Takemoto classification was used to classify atrophic gastritis [22] . The study design is shown in Fig. 1 .
Evaluation and Statistical Analysis
The primary endpoint was sufficient relief at 4 weeks as assessed by the GerdQ. Sufficient relief was defined by scores ≤ 1 for questions 1, 2, 5, and 6. Complete symptom resolution was also assessed by a score of 0. Scores were assessed at 1, 2, and 4 weeks.
FSSG scores were assessed on the 1st, 3rd, 7th, 14th, and 28th day after treatment initiation.
GOS scores were assessed at 2 and 4 weeks, and the number of patients with no or minimum impact on their daily life was calculated from these scores. Sufficient relief was defined by a score ≤ 2 for each symptom of reflux or regurgitation after treatment, and complete resolution was defined by a score of 1 for each respective symptom.
The secondary endpoints were factors associated with symptom relief.
AEs were recorded throughout the study period.
The primary endpoint was the number of patients who achieved symptom relief on the GerdQ in both treatment regimens, and these values were compared using the Chisquared test. Patients who were lost during follow-up or who did not comply with the protocol were excluded from the analysis. P values < 0.05 were defined as statistically significant differences. Factors associated with symptom relief after treatment were assessed using logistic regression analysis. Patient characteristics for both regimens and symptom scores on patient questionnaires were analyzed using a parametric or nonparametric model, according to the characteristics of the data. No adjustments were made for multiple comparisons.
Results
A total of 60 patients provided informed consent and were randomly assigned to the esomeprazole group (n = 30) or the vonoprazan group (n = 30). Forty-seven patients completed the study (n = 25 in the esomeprazole group and n = 22 in the vonoprazan group). Four patients in the esomeprazole group and 7 patients in the vonoprazan group discontinued treatment by themselves due to improvement in their symptoms, and 1 patient in the esomeprazole group and 1 patient in the vonoprazan group did not visit the clinic according to the defined schedule; these patients were excluded from the efficacy analysis. These exclusions caused an imbalance in the number of patients allocated to each drug; however, it Table 1 shows patients' demographic and clinical characteristics. Body mass index (BMI) was significantly higher in the vonoprazan group than in the esomeprazole group. The other factors (mean age, sex, smoking, alcohol use, atrophy, and LA grade) were not significantly different between groups.
No significant difference was observed between the groups for the total FSSG, GerdQ, and GOS scores prior to treatment.
GerdQ Score
Sufficient relief was observed in 88.0% (95% confidence interval (CI) 68.8-97.5%) of patients in the esomeprazole group and 81.8% (95% CI 59.7-94.8%) of patients in the vonoprazan group after 4 weeks. Figure 2 shows the rates of complete resolution and sufficient relief at 1, 2, and 4 weeks. No significant difference was found between the two treatment groups.
We performed a stratified analysis of patients with NERD and erosive esophagitis. The proportions of patients with sufficient relief in NERD were 16.7, 66.7, and 66.7% of 13 patients in the esomeprazole group and 25.0, 75.0, and 75.0% of 9 patients in the vonoprazan group at 1, 2, and 4 weeks, respectively. The proportions of patients with complete resolution in NERD were 0, 33.3, and 66.7% in the esomeprazole group and 0, 25.0, and 50.0% in the vonoprazan group at 1, 2, and 4 weeks, respectively. There were no significant differences in the rates of sufficient relief and complete resolution in NERD at 1, 2, or 4 weeks between the esomeprazole group and the vonoprazan group.
The proportions of patients with sufficient relief in erosive esophagitis were 33.3, 100.0, and 100.0% of 12 patients in the esomeprazole group and 50.0, 50.0, and 50.0% of 13 patients in the vonoprazan group at 1, 2, and 4 weeks, respectively. The proportions of patients with complete resolution in erosive esophagitis were 0, 33.3, and 33.3% in the esomeprazole group and 50.0, 25.0, and 25.0% in the vonoprazan group at 1, 2, and 4 weeks, respectively. There were no significant differences in the rates of sufficient relief and complete resolution at 1, 2, or 4 weeks between the esomeprazole group and the vonoprazan group in erosive esophagitis. Figure 3a , b shows the changes in the total score, acidrelated symptom score, and dysmotility symptom score before and after treatment.
Changes in FSSG Scores
The mean FSSG total score, acid reflux-related symptom score, and dysmotility symptom score decreased from the 1st day after treatment initiation in both groups. However, changes between days 14 and 28 were small for all scores. No significant differences were observed between treatment groups. Figure 4 shows the symptom resolution and relief rate of heartburn and regurgitation on the GOS scale, respectively. Sufficient relief was reported by 87.0% to 90.9% of patients in the esomeprazole group and 77.8% to 95.0% of patients in the vonoprazan group at 2 weeks, which demonstrates that most patients experienced improvement in the impact of GERD symptoms on daily activities within 2 weeks.
GOS Scores After Treatment
Factors Associated with Symptom Relief
The logistic regression analysis presented that the therapeutic efficacies of esomeprazole and vonoprazan were not affected by the degree of atrophy (closed type or open type), BMI, severe esophagitis, age, sex, drinking or smoking habits (data not shown). 
Safety
No AEs were reported during the study.
Discussion
In this study, we investigated the therapeutic effect of esomeprazole and vonoprazan as first-line treatments for early GERD symptom relief. Gastric acid inhibition is the most effective measure for GERD treatment. PPIs exhibit superior effects on GERD symptoms and are often selected as first-line treatments. Vonoprazan was introduced recently in Japan as the first authorized P-CAB agent, and it is expected to exhibit more pronounced efficacy in acid-related diseases. Sakurai et al. [23] reported that the acid inhibition of vonoprazan was greater than that of esomeprazole and rabeprazole. The effect manifests quickly, and most patients achieve a gastric pH of at least 5 from the first day of treatment. The cure rate compared to conventional PPIs is particularly favorable in patients with severe reflux esophagitis [15] .
In our study, esomeprazole and vonoprazan groups exhibited similar GERD symptom relief in all measurements.
Heartburn symptoms in GERD occur via two mechanisms. One of them is the "acid penetration theory" [24, 25] . Gastric acid, bile acid, and pepsin injure the esophageal mucosa and tight junction proteins in the esophageal epithelium. These factors penetrate the deep layers of the esophagus and directly activate nociceptors. The other mechanism is immunological. Acid and other factors, such as stress or sleep disturbance, contribute to esophageal mucosa permeability disturbances [26] . Inflammatory cytokines, such as interleukin-8 (IL-8) and IL-1β, are secreted from the mucosal epithelium of the esophagus and increase the excitability of sensory nerves to produce esophageal hypersensitivity [27, 28] . This esophageal hypersensitivity is considered the cause of heartburn in GERD patients.
Heartburn involves an interplay between acid exposure and esophageal hypersensitivity. Abnormal acid exposure causes the predominant symptom in erosive esophagitis, while symptoms of NERD are related to the combination of acid exposure and esophageal hypersensitivity. Symptoms of functional heartburn do not correspond with reflux symptoms or reflux into the esophageal area, and thus esophageal hypersensitivity causes the predominant symptom [29] .
Fennerty et al. reported that the heartburn severity of GERD symptoms did not correlate with severe erosive esophagitis, which was present in 31% of patients with severe heartburn compared to 23% of patients with moderate heartburn and 22% of patients with no or mild heartburn. The degree of heartburn severity exhibited similar percentages regardless of the presence of severe erosive esophagitis [30] .
In our study, heartburn symptom relief regardless of the presence of severe erosive esophagitis (grades C and D) was similar between the esomeprazole and vonoprazan groups. Relief of heartburn symptoms in NERD was also similar between the esomeprazole and vonoprazan groups.
In a previous study, the proportions of patients with healed gastric or duodenal ulcers were similar between vonoprazan and lansoprazole groups at week 2 or week 4 [31] . In another study, the effectiveness of vonoprazan in preventing ulcer recurrence in patients receiving NSAIDs (n = 22). Sufficient relief was defined by a score ≤ 2 for each heartburn or regurgitation question on the GOS scale. Complete resolution was defined by a score of 1 on the respective GOS scale question was noninferior to lansoprazole [32] . Based on these results, we think that both drugs have a sufficient 24-h intragastric pH > 3 holding time ratio to heal peptic ulcers. On the other hand, higher acid suppression might be necessary for esophageal mucosal lesions. Ashida et al. [15] reported that the proportion of erosive esophagitis healing was higher for vonoprazan compared with lansoprazole at 2 weeks and that vonoprazan was effective in patients with more severe esophagitis (LA classification grade C/D). The healing rate was supported by the report that the 24-h intragastric pH > 4 holding time ratio of vonoprazan was significantly higher than that of esomeprazole and rabeprazole on days 1 and 7 [23] . However, GERD symptoms are not associated with the degree of mucosal damage. Regarding this discrepancy, we think that GERD symptoms are influenced by both acid exposure and other factors such as esophageal hypersensitivity.
BMI was significantly higher in the vonoprazan group than in the esomeprazole group prior to treatment. However, the GerdQ, FSSG, and GOS scores were not significantly different between groups prior to treatment for obese or nonobese patients. Changes in the respective scores between groups were not significant after treatment (data not shown). Therefore, obesity had little influence on GERD symptoms. No factors related to the appearance of symptoms were detected in the multivariable analysis.
In the FSSG score, not only reflux scores but also dysmotility scores decreased from day 1 in both the esomeprazole and vonoprazan groups. The dysmotility symptoms of GERD patients may be caused by gastric acid. However, pH or pH impedance monitoring must be performed to determine whether the causality of the symptom is derived from abnormal acid exposure, i.e., whether it is due to reflux hypersensitivity or functional heartburn.
The strength of this study was that esomeprazole and vonoprazan showed similar effects as first-line treatments for the relief of typical symptoms of GERD and a plateau effect of each drug was observed on day 14. Meanwhile, the clinical benefit of treatment with vonoprazan over PPIs could not be presented clearly with the endpoint of relief of GERD symptoms, though it was reported that vonoprazan inhibited faster than and more highly gastric acid than PPIs. One of the reasons might have been explained by difference of H. pylori infection which we did not investigate the status though there was no significant difference of atrophic gastritis observed by endoscopy. Care should be taken with the interpretation of the results due to the limited sample size, open-label condition, and not including a placebo group. Several factors other than acid reflux should also be considered in the clinical endpoints. A large-scale, comparative study is necessary to verify the clinical benefits of stronger acid suppression than PPIs in the management of GERD symptoms.
Most Japanese GERD patients have NERD or grade A/B esophagitis [1] , and treatments in many patients are initiated by the primary care physician. The results of this study provide evidence for the real-world practice of giving priority to the relief of symptoms.
In conclusion, there were no substantial differences in the sufficiency of symptom relief between esomeprazole and vonoprazan at any time point in this short-term study and the relief of symptom of each treatment could be assessed in 14 days as maximum effect.
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